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I. A Letter from. Mr. Anthony van Lecuwen- 
hoek, F. % S. concerning the Circulation of the 
'Blood in Fi/hes i &c. 

Delft in Holland, Augufi 28, 1708. 

SOME time ago, I viewed the Hearts of feveral 
Fifhes, and particularly that of the great Silver- 
Eel, which I cou'd not be weary of looking on, and 
obferving its motion that lafted near four Hours, aftei* 
'twas out of the Body of the Fifh ; and the rather be- 
caufe.that Motion was fo regular ; for when the Blood is 
protruded out of the Heart, it is not brought into the 
great Arteries with the fame fwiftnefs, which in that 
cafe wou'd be over-charged with the great quantity of 
Blood : but the Blood thus coming from the Heart, is 
forced into a little white VefTel, almoft of the Figure of 
a Pear, and which one would take for a kind of a Blad- 
der ; one Orifice of which was united to the great Ar- 
tery, and the other to the Heart ; in the latter Orifice is 
a Valve, the^ife of which is, that (when the Blood is 
protruded from the Heart into the aforefaid VefTel that 
I defcribed to be like a Pear) it might not run back 
again into -it : which VefTel having been cut acrofs, I 
obferved the infide of it to be furnifbed with fb many 
fmall Particles, that 'twas in a great meafure fill'd with 
them ; and thefe internal Particles I conceive to be made, 
to the end that when the Blood is protruded into the 
VefTel, by dilating and contracting it felf it may pre- 
fently force the fame into the Great Artery* 

When 
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When this Blood at every Protrufion came from the 
Heart into the aforefaid Pear-like Veflel, the faid VeJXei 
was very much extended in roundnefs ; and then imme- 
diately the extended Parts were again contracted, or 
drew themfelves in, to the end that they might in this 
manner regularly, and without intermiflion, protrude 
the Blood into the Artery : for if this fort of Veifel were 
not united to the Heart, the Blood cou'd not be con- 
veniently carry 'd into theArteries, becaufe the Arteries 
cou'd not fo largely extend themfelves ; and then, in my 
Opinion, at every Protrufion of the Blood from the 
Heart, there wou'd be a Hop put to its flowing into 
the Arteries for a fmall inftantof time: whereas in this 
cafe the Blood is almoft always running with an eafy 
and confrant Courfe; tho' at every Protrufion it muft 
be in fome manner quickned, yet that is fo infenfibly, in 
my Opinion, that no Body can obferve or feel it. 

Now according to this conftant Protrufion of the 
Blood into the Arteries of Fifties, without the leaft inter- 
miflion, I am of Opinion, that the fame tiling happens 
as regularly, and after the fame manner, in the Protru- 
fion of Blood out of the Heart into the Arteries of Beafts; 
and the rather becaufe we always find, that the Great 
Creator of all things does bring about his Operations in 
the bigger Creatures, after one and the fame manner, 
tho' their Hearts are of a different Figure from thofe of 
Fifh. 

I have formerly communicated to the Honourable So- 
ciety fome Difcoveries of mine, relating to the Circula- 
tion of the Blood in Eels, confifting in this - 7 to. wit, that 
the Blood coming out ol a great many fmall Veflels in 
the Tail of an Eel, falls in, and is united in one greater 
Blood-Veffei, where is the firft beginning of the Fifh- 
Bones, and where the Blood runs thrca Valve, which I 
have not only obferved myfelf, but have likewife (hewn 
to feVeral Curious Gentlemen, who view'd it with s 
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bundanceof Pleafureand Surprize; for the '^lood-Veln 
was not-only- moved in- that part where the Valve is, 
but the Parts about the Blood-Veffel, of the breadth of 
four or five Hairs, were likewife moved or ftirr'd ; from 
whence it appear'd, that at every Protrufion of Blood 
Into the Heart thro' the Valve, the Blood flood ftill a- 
bout an inftant of time, and that the fame Blood fal- 
ling thro' the Valve, ran with great fwiftnefs, and was 
thicken 1 juff at its Protrufion out of the Valve, but ran 
thinner or (tenderer like the. Figure of a Pear ; and the 
Vein that received this Protruded Blood, was not intire- 
ly fill'd with it, but feem'd for a fmall fpace to be as it 
were empty, and the Parts of it contracted, which we 
cou'd perceive for a fmall time, and further obferving it, 
faw the Blood run flowly and leifurely along the fame 
Veffel. 

From this Obfervation I imagin'd,that the fame thing 
happen'd in the Heart of a Humane Creature, viz. that 
there is a gentle and flow Protrufion of the Blood out of 
the Heart into that Veffel, which we call the Artery, 
and confequently that there is no fuch motion there, as 
what is called a Pulfe, and which is felt in the extreme 
Parts of the Body ; but that the fo named Pulfes are, 
only caufed by the Protrufion of the Blood thro' the 
Valves that are in the Veins, but I never obferved any 
violent or fwift Protrufion of the Blood into the Arte- 
ries, as often as I have viewed the Circulation thereof: 
and tho' the Blood, by the Contraction of the Heart, 
be fuddenly and haftily protruded out of it, yet its flow- 
ly carried into the Artery ; whereas on the contrary, it 
runs into the Heart from the Veins with a violent and 
fwift Courfe ; from whence it happens, as I fuppofe, 
that the remaining part of the Blood in the Veins being 
unable to follow with fo fwift a Motion, are as it were 
violently and per faltum drawn or forced thro' the 
Valves, and that it is this fort of Motion which we take 
for Pulfes in the Arteries. That 
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That I might fatisfy my feif. in the abovemention- 
ed Obfervations, I have fever al times viewed that 
fort of. Motion ini my Arm, which we call the Pulfe, ai 
the time when my Body was without motion and 
warm ; and after a diligent Confederation of it, I judg'd 
that that Motion, which we perceive in the Blood-Veiie], 
was not derived from the Heart to the Hand, but con- 
trariwife from the Hand to the Arm, and fo to the 
Heart : From, whence I concluded, that like as in the 
Tail of an Eel there arc no Valves in the Biood-VelTeis, 
as far as I cou'd perceive, and that a great many fmall 
Blood- Velfels, are, as it were, united in that part where 
the Fifh-bones begin, and make one large Blood- Vet 
fel, and that there is the firrt Valve; in the fame man- 
ner in Humane Bodies, a great many fingle Blood- Vet 
fels running out of the Hand, are joyned in the Arm, 
where likewifethefirft Valve is, thro' which the Blood' 
at each Protrufion falls into the Heart, and that th.;t is 
what we call the Pulfe. 

I have feveral times obferved in the exceeding fmall 
Veins or Capillary Velfels, a little i ifing or fwelimgoc- 
-cafion'd by a ftronger Motion of the Blood, which I 
now firmly conclude, to proceed only from the fudden. 
Motion or running of the Blood thro' the Valves : I 
have alfo obferved, that in fudden Frights, and other- 
wife, one feels fuch Motions at the end of one's Fingers., 
juft as if there were Valves likewife in them, thro'' 
which the Blood guflies ; but thefe fort of Motions, I 
fuppofe," do only depend on that quick Motion made by 
the Blood, when it runs thro' the Valve in the Arm by 
the Hand, to which we give the Name of a Pulfe.- 

'Tis faid, that there are Valves in all the Veins of 
one's Body j but I can hardly admit that AfTertion, for 
if there were Valves in thofe Veins, which we can fee 
with our naked Eye thro' the Skin, for infrance, either 
of the Hand or the Arm-, we fhou'd certainly, in my 
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Opinion, diicover iikewife the Blood running thro' thofe 
Valves : and again if there are Valves- in the aforemen- 
tioned Veins or the Arm or Hand, we fhouid not be 
able by preihng thole Veins with the Fmger to drive 
the Biood back again, which notwithstanding is often 
done. 

Moreover, if there were Valves in the Veins that lie 
in the Skin expos'd to our fight, there wou'd, in my O- 
pinion, a great many Inconveniencies arife therefrom - t 
for if a Blow or Thruft were made upon that part 
where the ^alve lies, the Blood would not be able to 
retire back, by which means the Valve or even the Vein 
it felf might burft : whereas, if there are no Valves, the 
Blood can eafily retreat upwards or downwards in the 
Veins, as we, in Fact, obferve of thofe Veins that run 
on both fides in the Tail-Fins of an Eel, which d© not 
unite in one greater Vein where a Valve is, at leaf! as far 
we cou'd follow thofe Veins with our Eyes. 

Having thus far committed thefe my Obfervations to 
Papers, I confidered with my felf, whether I might not 
have fomething of this nature lying by me, having for- 
merly confiderM this Subjefl: of Eels ; and I find amongft 
other Papers, thefe that follow. 

In the Month of September 1706, having opened an 
Eel, and taken out the Guts, the Diameter or thicknefs 
of which was about an Inch and a half; and having alfo 
laid open the Heart, I cou'd not diicover that part 
which receives the Blood out of the Great Vein in or- 
der to bring.it into the Heart. 

But to the end that I might better difcover that part, 
I prepared a little G la fs-Tu be, and put it into the great- 
Vein at a little, diftance from the Heart, and then blew 
forne Air into the faid Vein, as much as might take xip 
the fpa.ee. of about half a Pea : this Air pafs'd thro 1 die 
Great Vein into a little Bladder that lay on the fide of 
the Heart, the. like of which I had never before obfer- 
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ved thereabouts } and no fooner was the Air got into that 
Bladder, but it did, as it were, firtt contract and then 
dilate it felf, fo regularly and in fuch a manner, that 
when the Heart contracted it feif fjuft as if it were go- 
ing to throw out it's Blood,) theaforefaid little Bladder 
with Air in it was dilated t, and this did not happen for 
a fmall time, but the Bladder continued in fuch a Mo- 
tion above five full Hours together ; but indeed in the 
laft Hour it was fo faint, that one could but juft per- 
ceive it ; and as for the Heart, its Motion was difconti- 
nued. 

I caufed moreover a Pike-fifh to be brought me about 
two Foot long, and open'd it immediately vvhilft it was 
in its full ftrength of Life, and obferv'd not only the 
Motion of the Heart, and the regular xMotion of that 
part which receives the Blood, and brings it into the 
Heart, but alfo the Motion of that other part, which 
receives the protruded Blood from the Heart, and car.. 
ries it gently into the Arteries. 

Now becaufe very few have any manner of know- 
ledge of the Heart of a Pike, and the Motion thereof, I 
have caufed fuch a Heart, with the Veffels and Inftru- 
mehts belonging to it, to be drawn by my Painter. 

tig. i. A, B, C, D, (hews the Heart of a Pike; D, E, 
F, A, reprefents that part into which the Blood is 
brought from the Veins ; and C, D, G, that other pare 
which receives the Blood from the Heart, to carry it in- 
to the Arteries. 

Now when the Heart receives the Blood which is 
conveyed into it, it dilates it felf into its utmoft round- 
.nefs $ and then that Instrument or Veffel defcrib'd by 
A, D, E, F, does at that' very initant fall as it were quite 
down from its Swelling or Extenfion, and difcharging' 
it felf of its Blood into the Veffel C, D, G, all Parts of it 
become extended by the fudden pouring in of the Blood 3 
and no fooner is it fo dilated, but it draws it felf in a- 
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gain, and is contracted on all fides, to the end that it 
may force the Blood into the Arteries, In fliorc, when 
A, D. E, F, is contracted; and throws the Bleed into 
the Heart, the Heart is dilated; and when the Heart 
fhrink.sk felf in, and is contracted by the Difcharge of 
the Blood, C, D, G, is dilated ; and thefe three feveral 
Motions happen in fo Ihort a time, and are perform'd fo 
regularly, that thofe who have obferv'd it curioufly, are 
quite aftonifn'd at it : and from hence we can't but con- 
clude, that fuch a Motion as this cou'd not be brought 
about, unlcfs the Veilel A, D, E, F, had a Valve at A D, 
where it is joyned to the Heart, which Valve is to pre- 
vent the Biood that is thrown into the Heart, from re- 
turning the fame way; and fo likewiie there muft ne- 
ceffarily be another Valve at C, D, to hinder the Biood ? 
that is protruded from the Heart, from flowing back into 
the fame. 

I havealfo taken the Heart of a- Salmon, and caufed 
that to be drawn, as you may fee in Fig. 2, H, I, K, L ; 
in which Figure K, L, M, represents that Instrument 
that was defcrib'd in. Fig. 1. by A, D, E, F; as I s N, Q, 
fliews that which in Fig. 1. was C, D, G. 

Moreover in Fig. 2. I fhew you the Instrument K, L, 
M, cut open, to the end that we might difcover, as well 
as we could, with the naked Eye, the Sinewy Parts 
and their Branches j all which appear'd as in Fig. 3. 
P, Qj R, S, T, in which Q, R, is the Part that was 
joyn'd to the Heart, and is the fame that in Fig. 2. is re- 
prefented by KL ; in the faid Fig. 3. you may obferve 
how the Sinewy Parts and their Branches run from 
Qj R, to T j this inftrument, or Veffel, is very foft in 
its Parts, and it feems to me alio, that it is not 

" l Fig! 4. V, W, X, Y, is that Veffel differed, which in 
Fig. 2. is reprefented by I, O, N ; which Veffel is ex- 
ceeding thick and ftrong, and is like the Inftrument de- 
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fcribed by Fig. 3. and is provided within with ftrong 
Sinewy Parts, to the end that when the Parts are ex- 
tended by the Blood that is pour'd into them, they may 
be able both in roundnefs and length to carry the Blood 
into the Arteries: theie Parts, by reafon of the great 
number of them, cannot be delineated in inch manner as 
they ought. 

Theie my new Pofitions will appear ftrange to a great 
many People, and I make no queition, will meet with 
much Contradiction , becaufe it has been the fix'd Hy- 
pothefis of all the Learn d Men. both pa ft and prefent, 
that have exercis'd themfelves in Anatomy, that the Ar- 
teries receive fuch a Motion from the Heart, as we call 
the Pulle: whereas I have now fhewn, that the Heart 
does protrude the Blood gently into the Arteries ; and 
that the Blood, which flows from the Veins into the 
Heart, caufes fuch a fudden matching or revulfion,that 
it can't fo immediately pafs thro' the Valves ; in which 
part alfo the Veins are a little narrower, by which 
means there is a kind of a flop or intermiflion in the 
Circulation of the Blood : and this, {fay, is theCaufe 
of that Motion, which we call the Pulfe. 
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